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Cardiovascular abnormalities in chest radiographs of children with
pneumonia, Uganda
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Objective To describe chest radiograph findings among children hospitalized with clinically diagnosed severe pneumonia and hypoxaemia
at three tertiary facilities in Uganda.

Methods The study involved clinical and radiograph data on a random sample of 375 children aged 28 days to 12 years enrolled in the
Children’s Oxygen Administration Strategies Trial in 2017. Children were hospitalized with a history of respiratory illness and respiratory
distress complicated by hypoxaemia, defined as a peripheral oxygen saturation (SpO,) < 92%. Radiologists blinded to clinical findings
interpreted chest radiographs using standardized World Health Organization method for paediatric chest radiograph reporting. We report
clinical and chest radiograph findings using descriptive statistics.

Findings Overall, 45.9% (172/375) of children had radiological pneumonia, 36.3% (136/375) had a normal chest radiograph and 32.8%
(123/375) had other radiograph abnormalities, with or without pneumonia. In addition, 28.3% (106/375) had a cardiovascular abnormality,
including 14.9% (56/375) with both pneumonia and another abnormality. There was no significant difference in the prevalence of radiological
pneumonia or of cardiovascular abnormalities or in 28-day mortality between children with severe hypoxaemia (SpO,: <80%) and those
with mild hypoxaemia (SpO,: 80 to < 92%).

Conclusion Cardiovascular abnormalities were relatively common among children hospitalized with severe pneumonia in Uganda. The
standard clinical criteria used to identify pneumonia among children in resource-poor settings were sensitive but lacked specificity. Chest
radiographs should be performed routinely for all children with clinical signs of severe pneumonia because it provides useful information
on both cardiovascular and respiratory systems.

Abstracts in S5 H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Pneumonia is a leading cause of morbidity and mortality in
children globally, accounting for around one million fatalities
each year, with the largest burden in low- and middle-income
countries.”” World Health Organization (WHO) guidelines
describe clinical signs and symptoms for diagnosing pneumo-
nia in children.>* These guidelines are widely used in Africa,
including Uganda. One limitation is that the clinical criteria
are broad and are intended to maximize their sensitivity for
detecting severe pneumonia at the expense of specificity.” This
approach can result in the overdiagnosis of severe pneumonia,
thus delaying the definitive diagnosis of other conditions with
a similar presentation, potentially leading to mismanagement
and increasing the risk of morbidity or mortality.® Although
pulse oximetry is helpful for identifying patients with hypox-
aemia who require supportive oxygen therapy, its use does not
increase the specificity of the guidelines’ diagnostic criteria.®

In addition, WHO recommends chest radiography ex-
aminations for children with severe pneumonia to confirm
the diagnosis and exclude complications. A chest radiograph
reporting tool for diagnosing pneumonia in children has
been developed to enable researchers to standardize the ra-

diological interpretation of abnormal lung findings.*”* This
WHO-recommended tool classifies significant pathology as
the presence of lung consolidation, lung infiltrates or pleural
effusion and gives definitions for these entities.” The tool has
been evaluated previously and found to be reliable, with good
intra- and inter-observer agreement.’'° Other radiological
parameters can also be assessed on chest radiographs, such
as the cardiothoracic ratio, which can be used to diagnose
cardiomegaly. Findings may also indicate the presence of heart
failure, congenital lung or heart abnormalities, or pulmonary
oedema, all of which can have a similar clinical presentation
to severe pneumonia.

Previously, in the Children’s Oxygen Administration
Strategies Trial (COAST) in African children with severe
pneumonia,' we used the WHO-recommended tool for inter-
preting chest radiographs to define radiological pneumonia.
The objective of the current study, which was nested within
the trial, was to describe chest radiograph findings among
Ugandan children hospitalized with a clinical diagnosis of
severe pneumonia and hypoxaemia. Better understanding of
chest radiograph findings in children who present to hospital
with clinical signs of pneumonia can help guide public health
measures targeting pneumonia.
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Methods

We performed a cross-sectional study
of chest radiograph findings among
Ugandan children hospitalized with
severe pneumonia and hypoxaemia
who were taking part in COAST (IS-
RCTN15622505; registered: 20 Feb-
ruary 2016), which was a multisite,
randomized, controlled trial designed
to identify the best oxygen delivery
strategies for reducing in-hospital mor-
bidity and mortality in African children
with respiratory distress complicated
by hypoxaemia. The study involved
three tertiary health-care facilities in
Uganda: (i) Mulago Hospital, which is
the national referral hospital for the
entire country and a primary health-
care facility for the metropolitan area
of Kampala, Uganda’s capital;'? (ii) the
Mbale regional referral hospital, which
is a semi-rural government hospital situ-
ated 250 km north-east of Kampala; and
(iii) the Soroti regional referral hospital,
which is a rural government hospital
situated 320 km north-east of Kampala.
Mulago Hospital has 1790 beds and
around 20000 paediatric admissions
annually; Mbale hospital has 470 beds
and around 17000 paediatric admis-
sions annually; and Soroti hospital has
250 beds and around 8000 paediatric
admissions annually.”

Children included in the trial were
aged between 28 days and 12 years, had
a history of respiratory illness and had
been hospitalized with respiratory dis-
tress complicated by hypoxaemia, which
was defined as a peripheral oxygen satu-
ration (SpO,) under 92%.'"* Excluded
from the trial were children with chronic
lung disease or cyanotic heart disease
and those who had received more than
3 hours of oxygen therapy at another
centre before referral.'" All children
were reviewed by a study clinician, and
pneumonia was managed in accordance
with WHO guidelines.* For this analysis,
we used proportionate random sampling
to select 384 children who had been
enrolled at the three trial sites in 2017
(Fig. 1). The sample size was calculated
using the Kish-Leslie formula and was
based on the prevalence of radiologi-
cal pneumonia (as defined by WHO)
reported in the Pneumonia Etiology Re-
search for Child Health (PERCH) proj-
ect, which was performed in a setting
similar to ours."'® Chest radiographs of
the participants selected were retrieved,
de-identified and a quality assessment
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Fig. 1. Participant selection for Children’s Oxygen Administration Strategies Trial and
radiography findings, chest radiograph study of children hospitalized with

severe pneumonia, Uganda, 2017

881 participants enrolled in trial between
February and December 2017

v

384 participants randomly selected for current study

¢—>

9 participants excluded because of

375 participants included in current study

poor-quality, uninterpretable chest
radiographs

v

First radiograph reading by two authors

!

Second radiograph reading by one author

v v

First and second readings
agreed for 345 participants

30 radiographs had a third
reading by one author

v v

136 radiographs normal

116 radiological pneumonia only

123 other findings with or without

pneumonia:

« 106 cardiovascular abnormalities

« 17 other findings with no
cardiovascular abnormalities

Note: Children’s Oxygen Administration Strategies Trial."

was conducted by one study author.
We excluded participants whose radio-
graphs were uninterpretable, such that
the presence or absence of radiological
pneumonia could not be determined
without additional imaging. The final
analysis included 375 participants.

A structured, clinical case report
form was completed for each child at
admission and on reviews at 1, 2, 4,
8, 16, 24, 36 and 48 hours." Bedside
measurements included the respiratory
rate, oxygen saturation, anthropometric
measurements and chest auscultation;
and laboratory investigations included a
complete blood count, glucose and lactate
point-of-care tests, and blood culture.™
Although chest radiograph examinations
were ordered at trial admission, they
could not be performed immediately in
most cases because mobile radiograph
facilities were not available. However, as
most chest radiographs were conducted
before hospital discharge and as the aver-
age time to discharge was 4.8 days,'' any
delay was unlikely to have influenced the
appearance of the radiograph because
chest radiograph abnormalities have been
reported to resolve in around seven days

typically."”

Bull World Health Organ 2023;101:202-21 OI doi: http://dx.doi.org/10.2471/BLT.22.288801

Anteroposterior views of the chest
were obtained at a standard film-focus
distance of 100 cm. In addition, pos-
teroanterior views were obtained for
older children who were able to stand
and obey instructions. All radiographic
images were digitized following a stan-
dard operating procedure in which a
hand-held 20-megapixel camera (Tecno
Camon X, Tecno Mobile, Shenzhen,
China) was used to take pictures of
radiographs mounted on a white-light
viewing box. Two radiologists (author
EN with either author FA or GE) re-
viewed the photographic images and
reported cases of pneumonia using stan-
dardized WHO method for paediatric
chest radiograph reporting. If there was
adisagreement, a third reader blinded to
the initial reports adjudicated. In addi-
tion, all radiologists were blinded to the
patient’s clinical diagnosis and outcomes
and to the trial’s randomization strategy.
Radiological pneumonia was diagnosed
if the chest radiograph showed evidence
of consolidation, infiltrates or pleural
effusion. Radiologists also reported
clinical findings other than pneumonia.
We used a cardiothoracic ratio cut-off of
0.6 to define cardiomegaly. Radiographs
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showing characteristic chest findings are
available in the online repository.'*

We recorded radiological data,
including both pneumonia and non-
pneumonia findings, in a database
specifically developed for the study
using Microsoft Access (Microsoft
Corporation, Redmond, United States of
America) and later exported to Stata ver-
sion 13 (StataCorp LLC, College Station,
USA) for analysis. Clinical data were
obtained from the trial's Open Clinica
database (Open Clinica, Waltham, USA)
and also exported to Stata version 13.

Statistical analysis

We report patients’ characteristics us-
ing means and standard deviations
for normally distributed variables,
and medians and interquartile ranges
(IQRs) for skewed variables. Normality
was ascertained using the Shapiro-Wilk
test and probability plots. We report cat-
egorical variables using frequencies and
proportions. Patients were divided into
two groups according to their peripheral
oxygen saturation: (i) those with severe
hypoxaemia (i.e. an SpO, under 80%);
and (ii) those with mild hypoxaemia
(i.e. an SpO, of 80% or above but under
92%). We used frequencies and pro-
portions to describe clinical findings
on chest radiographs and to determine
their prevalence. The prevalence of
radiological pneumonia among study
participants was the proportion of all
radiographs reviewed that showed evi-
dence of pneumonia, and the prevalence
of other chest radiograph findings (e.g.
cardiovascular abnormalities) was the
proportion of all radiographs reviewed
that showed evidence of those findings.
The clinical characteristics of partici-
pants with severe hypoxaemia and those
with mild hypoxaemia were compared
using the ? test for categorical variables
with a cell count of five or over, and us-
ing Fischer’s exact test for a cell count
under five. Medians were compared us-
ing quantile regression. We used a test
of proportions, with a 95% confidence
interval (95% CI), to test the hypothesis
that there was no difference in the pro-
portion of children with specific chest
radiograph findings between those with
severe and mild hypoxaemia.

Ethical approval for the trial and
for this substudy was obtained from
the Institutional Research and Ethics
Committee of the School of Medicine,
Makerere University, Kampala (Ethics
reference numbers: 2016-030 and 2019-
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024, respectively) and from the Research
Ethics Committee at Imperial College,
London (15I1C3100), which was the trial
sponsor. Although consent to publish
individual data was not obtained from
patients or their legal guardians, all data
were anonymized before publication.

Results

Of the 375 participants, 209 (55.7%)
were male, 225 (60.0%) were younger
than 1 year, 118 (31.5%) were aged be-
tween 1 and 5 years and 32 (8.5%) were
older than 5 years. Their median age was
9 months (IQR: 4 to 21). The median
SpO, on room air at admission was 87%
(IQR: 82 to 89). Unsurprisingly, 92.8%
(348/375) of children had tachypnoea,
92.5% (347/375) had chest indrawing,
77.1% (289/375) had crepitations and
35.7% (134/375) had an audible wheeze.

All children were admitted with
a working diagnosis of lower respira-
tory tract infection, although some also
had other diagnoses. Overall, 80.3%
(301/375) had mild hypoxaemia and
19.7% (74/375) had severe hypoxaemia.
In addition, 6.4% (24/374) had severe
anaemia (i.e. a haemoglobin concen-
tration less than 5 g/dL), 9.1% (34/372)
had a positive malaria rapid diagnostic
test result and 3.5% (13/374) had bac-
teraemia (Table 1). Significantly more
children with severe hypoxaemia had
clinical cyanosis compared to those with
mild hypoxaemia: 9.5% (7/74) versus
1.0% (3/301), respectively (P<0.001).
The corresponding proportions in
the two groups for other conditions
were: (i) 45.9% (34/74) versus 31.9%
(96/301), respectively, for clinical shock
(P<0.023); (ii) 13.5% (10/74) versus
5.6% (17/301), respectively, for hyper-
lactataemia (i.e. a blood lactate level
>5 mmol/L) (P<0.019); and (iii) 6.8%
(5/74) versus 2.0% (6/301), respectively,
for altered consciousness (P<0.03). The
median hospital stay was also longer in
those with severe hypoxaemia: 5 days
(IQR: 4 to 7) versus 4 days (IQR: 3
to 5) in those with mild hypoxaemia
(P=0.001). There was no significant
difference between these two patient
groups in any other baseline clinical
parameter.

Radiological pneumonia

Details of the chest radiograph find-
ings are presented in Table 2 and Fig. 1.
Overall, 36.3% (136/375) of children
had a normal chest radiograph. In ad-
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dition, 45.9% (172/375) had evidence of
pneumonia (i.e. consolidation, other in-
filtrates, pleural effusion or their combi-
nation),® of whom 58.1% (100/172) were
younger than 1 year and 54.1% (93/172)
were male. Of the 172 children with
confirmed pneumonia, 56 (32.6%) had
other findings in addition to pneumo-
nia on chest radiograph. Consequently,
only 116 of the 375 (30.9%) children
had radiological pneumonia as the only
finding on chest radiograph. The most
common radiological finding indicative
of pneumonia was consolidation, which
was present in 33.3% (125/372). A lower
proportion of children with mild hy-
poxaemia had consolidation compared
with those with severe hypoxaemia: the
difference was —14.0 percentage points
(95% CI: —26.5 to 15.7). There was no
significant difference in the proportion
with radiological pneumonia who were
male or female (difference: —3.1 per-
centage points; 95% CI: -13.2to 7.1) or
who were younger than 1 year, or 1 year
or older (difference: —1.1 percentage
points; 95% CI: =19.2 to 16.9).

Two radiologists differed in their
interpretation on 30 of the 375 (8%)
chest radiographs and adjudication by
another radiologist was required. All
disagreements concerned the presence
or absence of other infiltrates. There was
complete agreement on the presence of
consolidation and pleural effusion. Of
the 136 children with a normal chest
radiograph, 77.2% (105/136) had crack-
les on clinical examination and 10.3%
(14/136) tested positive for malaria,
compared with 76.7% (132/172) and
8.7% (15/172), respectively, of those
with radiological pneumonia.

Other chest radiograph findings

Other chest radiograph findings in-
cluded: (i) cardiovascular abnor-
malities in 28.3% (106/375); (ii) air-
way abnormalities in 2.7% (10/375);
(iii) parenchymal non-pneumonia
abnormalities, such as cavities and
hyperinflation, in 1.1% (4/375); and
(iv) chest wall abnormalities in 0.8%
(3/375). Of the 106 children with car-
diovascular abnormalities, 56 (52.8%)
were younger than 1 year, 43 (40.6%)
were aged between 1 and 5 years,
seven (6.6%) were older than 5 years
and 63 (59.4%) were male. The most
common cardiovascular abnormality
was cardiomegaly (41.5%; 44/106). In
addition, 19.8% (21/106) of children
with cardiovascular abnormalities had
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Table 1.

Baseline characteristics, chest radiograph study of children hospitalized with severe pneumonia, Uganda, 2017

Parameter at admission

All children (n=375)

Children with mild
hypoxaemia® (n=301)

P-value for difference
between mild and
severe hypoxaemia

Children with severe
hypoxaemia® (n=74)

groups
Age in months, median (IQR) 9 (410 21) 9 (410 20) 8 (210 25) 0.575
Male sex, % (no./n) 55.7 (209/375) 57.4(173/301) 48.6 (36/74) 0.171
History of fever, % (no./n) 88 8 (333/375) 89.4 (269/301) 86 5 (64/74) 0481
Respiratory rate in breaths/min, median 60 (52 to 68) 58 (5210 67) 64 (5510 72) <0.001
(IQR)
Tachypnoea, % (no./n)® 92.8 (348/375) 91.7 (276/301) 97.3(72/74) 0.095
Chest indrawing, % (no./n) 92.5 (347/375) 914 (275/301) 97.3(72/74) 0.082
Clinically cyanosed, % (no./n) .7 (10/375) .0(3/301) 5(7/74) <0.001
Crepitations, % (no./n)¢ 77.3(289/374) 77.3(232/300) 770 (57/74) 0.955
Wheeze, % (no./n) 35.7 (134/375) 20.9 (63/301) 23.0(17/74) 0.316
Compensated shock, % (no./n)? 34 7 (130/375) 31 9 (96/301) 45.9 (34/74) 0.023
Severe pallor, % (no./n) .5 (32/375) .3 (19/301) 17.6 (13/74) 0.079
Vomiting or diarrhoea, % (no./n) 29 1(109/375) 31 2 (94/301) 203 (15/74) 0.063
Sunken eyes, % (no./n) 9(7/375) 3(4/301) 1(3/74) 0.121
Reduced skin turgor, % (no./n) 9(7/375) 2. O (6/301) A4 (1/74) 0.715
Altered consciousness, % (no./n)® 9(11/375) .0(6/301) 8 (5/74) 0.030
Mid upper arm circumference in cm, 4(13t0 15) 4(13t0 15) 3.(12t0 15) 0.055
median (IQR)
Haemoglobin level in g/dL, median (IQR) 103 (8910 11.7) 104 (9.1t0 11.6) 93(7.0t0 11.7) 0.001
Severe anaemia, % (no./n)<f 6.4 (24/374) 56 (17/301) 96 (7/73) 0.079
White blood cell count in cells/ulL (x 10%), 1198910 17.1) 11.9(9.0t0 16.6) 124 (8310 19.5) 0.650
median (IQR)
Leucocytosis, % (no./n)? 56.8 (213/375) 56.8 (171/301) 56.8 (42/74) 0.993
HIV infection, % (no./n) 1.6 (6/369) 1.0 (3/295) 4.1 (3/74) 0.993
Malaria detected on rapid diagnostic test, 9.1(34/372) 9.7 (29/299) 6.8 (5/73) 0.717
% (no./n)"
Malaria detected on microscopy slide, % 4.8(18/373) 4.3 (13/300) 6.8 (5/73) 0.734
(no./n)¢
Bacteraemia, % (no./n)° 5(13/374) .0(9/301) 5.5 (4/73) 0.298
Hypoglycaemia, % (no./n)" .1(8/375) .7 (5/301) 4.1 (3/74) 0.202
Hyperlactataemia, % (no./n)’ 2 (27/375) 6(17/301) 13.5 (10/74) 0.019
Preadmission antibiotics, % (no./n) 58.8(218/371) 57.4(171/298) 64.4 (47/73) 0.128
Hospital stay in days, median (IQR) 4(31t06) 4(3t05) 5(4to7) 0.001
Death within 28 days, % (no./n)° 0(11/372) 23(7/299) 5.5 (4/73) 0.156

IQR: interquartile range; HIV: human immunodeficiency virus; SpO,: peripheral oxygen saturation.

¢ We defined mild hypoxaemia as a peripheral oxygen saturation of 80% or above but below 92% and severe hypoxaemia as an SpO, < 80%.

® We defined tachypnoea as a respiratory rate > 60 breaths/min for children aged under 2 months, > 50 breaths/min for those aged over 2 months and under 1 year,
> 40 breaths/min for those aged 1 year or more and under 6 years, and > 30 breaths/min for those aged > 6 years.

¢ Data were either missing, invalid or not recorded for some children.

4 We defined compensated shock as one or more signs of impaired perfusion: (i) capillary refill time > 2 s; (i) a temperature gradient on limbs; (iii) a weak radial pulse;

or (iv) severe tachycardia.

¢ Altered consciousness was determined according to voice and pain responses on the AVPU scale.
" We defined severe anaemia as a haemoglobin concentration <5 g/dL.

9 We defined leucocytosis as a white blood cell count > 11X 1

0° cells/pL.

" We defined hypoglycaemia as a blood sugar concentration <3 mmol/L.
" We defined hyperlactataemia as a blood lactate concentration >5 mmol/L.

cephalization, and 38.7% (41/106) had
other cardiovascular findings such as
vascular pruning, dextrocardia, scimi-
tar syndrome, left atrial enlargement
or simply an abnormal heart shape.
Patients were classified on the basis
of their key finding, though many had
multiple abnormalities.

There was no significant difference
between children with mild hypoxae-
mia and those with severe hypoxaemia
in the proportion with cardiovascular
abnormalities: the difference was 4.9
percentage points (95% CI: —6.1to 15.9).
Nor did we find a significant difference
in the proportion with cardiovascular

Bull World Health Organ 2023;101:202-21 OI doi: http://dx.doi.org/10.2471/BLT.22.288801

abnormalities between children who
were younger than 1 year, or 1 year or
older (difference: 6.9 percentage points;
95% CI: —8.1 to 22.1) or between males
and females (difference: 4.2 percentage
points; 95% CI: —4.9 to 13.4). Further-
more, there was no significant difference
between children with and without car-
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Table 2. Chest radiograph findings, children hospitalized with severe pneumonia, Uganda, 2017

Chest radiograph finding No. (%) of children Difference between mild and
severe hypoxaemia groups
All children Children with Children with Percentage points (95% ()
(n=375) mild hypoxaemia® severe hypoxaemia®
(n=301) (n=74)
Normal 136 (36.3) 109 (36.2) 27 (36.5) —03(=125t011.9)
Lung
Radiological pneumonia 172 (45.9) 134 (44.5) 38(51.4) —6.9(-19.51t05.8)
Consolidation plus either infiltrates or 125 (33.3) 92 (30.6) 33 (44.6) —14.0 (-26.5t0 15.7)
pleural effusion
Other infiltrates only 47 (12.5) 42 (13.9) 568 7.1(03t0 14.1)
Pleural effusion only 0(0.0) 0(0.0) 0(0.0 NA
Other findings
Cardiovascular abnormalities (with or 106 (28.3) 88(29.2) 18 (24.3) 49(-6.11t015.9)
without pneumonia)
Cardiomegaly® 44.(11.7) 37(123) 795 2.8 (-22.1t027.4)
Cephalization 21(5.6) 19 (6.3) 2027 3.6 (—6.61027.1)
Other cardiovascular findings® 41 (10.9) 34(11.3) 7(9.5 1.8 (=13.7 10 28.4)
Parenchymal non-pneumonia findings 4(1.1) 4(1.3) 0(0) 13(-24103.7)
Hyperinflation 3(0.8) 2(0.7) 1(1. —0.7 (=113 t0 5.4)
Cavities 1(0.3) 1(0.3) 0(0) 03(-132t046.5)
Airway abnormalities, including 10 (2.7) 9(2.9) 1(1. 1.5(=331052)
bronchiolitis
Chest wall abnormalities (e.g. spina 3(0.8) 2(0.7) 1(1.4) —0.7 (<0310 0.9)

bifida occulta or scoliosis)

Cl: confidence interval; NA: not applicable.

¢ We defined mild hypoxaemia as a peripheral oxygen saturation (SpO,) of 80% or above but below 92% and severe hypoxaemia as an SpO, < 80%.
® We defined cardiomegaly as a cardiothoracic ratio > 0.6.
¢ Other cardiovascular findings included vascular pruning, dextrocardia, scimitar syndrome and left atrial enlargement.

diovascular abnormalities in any clinical
parameter, including 28-day mortality
(difference: —8.4 percentage points; 95%
CIL: —37.2 t0 20.4).

Discussion

We evaluated chest radiograph findings
in 375 children aged 28 days to 12 years
who were diagnosed with severe pneu-
monia, the majority (60%) younger than
1 year. We found that almost half had ra-
diological pneumonia, while more than
a third had normal chest radiographs.
A third of children had other findings,
of which more than four fifths had
cardiovascular abnormalities. Overall,
56 children had pneumonia with other
abnormalities.

The prevalence of radiological pneu-
monia in these patients was comparable
to that in similar studies. For example,
a Mozambican study involving children
aged 0 to 23 months who were diag-
nosed with severe pneumonia on the
basis of clinical observations and chest
radiographs interpreted using the same
WHO standardized radiograph reporting
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format we employed, found the preva-
lence of radiological pneumonia to be
43%." Interestingly, the Mozambican
study was conducted before vaccination
with the decavalent pneumococcal con-
jugate vaccine (PCV10) was introduced,
whereas our study was conducted when
national coverage was 64% for the triva-
lent pneumococcal conjugate vaccine and
79% for the combined vaccine against
diphtheria, tetanus, pertussis, hepatitis B,
polio and Haemophilus influenzae type b
(DTaP-HepB-IPV-Hib).?* As the vaccina-
tion status of trial participants was not
recorded, we could not link this data to
radiography findings. A second study,
the multinational PERCH project, found
a prevalence of radiological pneumonia
of 54% (range across sites: 35 to 64%)
among children aged 1 to 59 months
hospitalized with WHO-defined severe
or very severe pneumonia (but not nec-
essarily with hypoxaemia) in countries
where vaccination with PCV10 and H.
influenzae type b vaccine had largely been
introduced.” Neither of these two stud-
ies reported cardiovascular or cardiac
anomalies.

Our study considered hypoxaemia
in addition to severe pneumonia, but
found no significant difference in the
proportion of children with radiological
pneumonia between those with severe
or mild hypoxaemia. Our finding that
more than one third of children had
normal chest radiographs was similar
to that of an Ethiopian study of 122
children aged 3 months to 14 years
who were hospitalized with a diagnosis
of severe pneumonia, which reported
51.6% with no radiological evidence of
pneumonia.”’ In the COAST study, we
reported a low level of bacteraemia,'!
which suggests that many of our patients
may have had viral pneumonia with no
specific changes on chest radiograph.”
In agreement with other authors,”*
we found no correlation between radio-
logical pneumonia and the presence of
crepitations on chest auscultation.

Two advantages of our study were
that radiographs were interpreted by
trained radiologists and that their re-
ports were comprehensive and included
cardiovascular abnormalities. The most
common cardiovascular abnormality
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was cardiomegaly. Although there is a
dearth of data on the prevalence of car-
diovascular abnormalities in Ugandan
children, researchers estimated that
around 8300 Ugandan children are born
annually with congenital heart disease,
which corresponds to a rate of 36.6
per thousand live births annually.” Al-
though chest radiograph is not the gold
standard for diagnosing cardiovascular
disease, it provides preliminary diagnos-
tic information that can identify indi-
viduals for referral to echocardiography
and other specific tests.”’~* In 2001,
researchers evaluated chest radiograph
and echocardiography data from 95 chil-
dren aged between 2 days and 19 years
who attended an outpatient clinic and
found that the cardiothoracic ratio was
an acceptable predictor of cardiac en-
largement.* A cardiothoracic ratio of 0.6
had a specificity of 93.4% for identifying
cardiomegaly against the gold standard
of echocardiography. The 44 children
found to have a cardiothoracic ratio of
0.6 or greater in our study had not pre-
viously been diagnosed with a cardiac
condition (in fact, it was an exclusion
criterion) even though the prevalence
of paediatric cardiac disease is relatively
high in the study setting.” If a chest
radiograph had not been performed to
confirm the clinical diagnosis of pneu-
monia in these children, diagnosis and
treatment of the heart condition could
have been delayed.

The relatively high proportion
of abnormal cardiovascular findings
among children with severe pneumonia
in our study may have occurred because
cardiovascular disease is a risk factor for
pneumonia.’’ However, another pos-
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sible explanation is that children with a
cardiovascular illness may present with
acute breathing difficulties, cyanosis,
lethargy or another danger sign specified
by the guidelines for diagnosing severe
pneumonia.*

Our study confirms that the specific-
ity of the clinical criteria used to diagnose
pneumonia in children, especially in low-
resource settings, is poor.>*? In Africa,
the specificity of these criteria is further
weakened in areas where malaria is en-
demic because the clinical complications
of severe malaria include respiratory
distress (i.e. Kussmaul breathing).’**
However, relatively few children in our
study had a diagnosis of malaria.

One limitation of our study was the
lack of blood gas analysis (to provide
evidence of hypercarbia) and of other in-
vestigations (e.g. echocardiography and
molecular bacterial and viral analysis)
that could be used to correlate clinical
and radiological findings. Another limi-
tation is that the statistical accuracy of
chest radiography for identifying pneu-
monia is highly variable.”> We tried to
minimize inaccuracies by ensuring that
radiological pneumonia was identified
on radiographs independently by more
than one trained radiologist using a
standardized WHO tool. Although we
failed to find a significant association
between hypoxaemia severity and any
clinical finding, the 95% CIs were wide,
which suggests that a larger sample may
be needed to estimate differences with
good precision. Nevertheless, we were
able to report other abnormal findings,
such as cardiovascular conditions,
which could be important for children
with putative pneumonia.

In conclusion, we found that the
clinical criteria used to identify pneu-
monia among children in resource-
poor settings were sensitive but lacked
specificity. In our study, a substantial
proportion of children had radiological
evidence of cardiovascular abnormali-
ties that required further investigation,
which is particularly important for
children with unresolved hypoxaemia.
Consequently, we recommend that
chest radiographs should be performed
routinely for all children with clinical
signs of severe pneumonia because it
simultaneously provides information
on both cardiovascular and respiratory
systems that can be used to improve
patient management. ll
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Résumé

Anomalies cardiovasculaires observées sur les radiographies thoraciques d'enfants atteints de pneumonie en Ouganda

Objectif Décrire les résultats des radiographies thoraciques effectuées
sur des enfants hospitalisés chez qui une pneumonie aigué et une
hypoxémie ont été diagnostiquées dans trois établissements tertiaires
en Ouganda.

Méthodes L'étude repose sur des données cliniques et radiographiques
relatives a un échantillon aléatoire de 375 enfants dgés de 28 joursa 12
ans, recrutés pour l'essai Children's Oxygen Administration Strategies
Trial en 2017. Les enfants hospitalisés présentaient des antécédents de
maladie et de détresse respiratoires aggravées par une hypoxémie, qui
se définit comme une saturation en oxygene périphérique (Sp0,) < 92%.
Sans étre informés des résultats cliniques, des radiologues ont interprété
les radiographies thoraciques a I'aide de la méthode standardisée de
I'Organisation mondiale de la Santé en matiere d'établissement de
rapports de radiographie thoracique en pédiatrie. Enfin, nous avons
consigné les résultats cliniques et radiographiques par le biais de
statistiques descriptives.

Résultats Au total, 45,9% (172/375) des enfants souffraient de
pneumonie radiologique, 36,3% (136/375) présentaient une

radiographie thoracique normale et 32,8% (123/375) affichaient d'autres
anomalies radiographiques, avec ou sans pneumonie. En outre, 28,3%
(106/375) avaient développé une anomalie cardiovasculaire; parmi
eux, 14,9% (56/375) étaient atteints a la fois d'une pneumonie et
d'une autre anomalie. Aucune différence notable n'a été constatée en
termes de prévalence pour la pneumonie radiologique, les anomalies
cardiovasculaires ou encore la mortalité a 28 jours entre les enfants avec
une grave hypoxémie (SpO,: < 80%) et ceux avec une légere hypoxémie
(Sp0,: 80 a < 92%).

Conclusion Les anomalies cardiovasculaires se sont révélées
relativement fréguentes parmi les enfants hospitalisés pour une
pneumonie sévere en Ouganda. Les critéres cliniques standard employés
pour identifier une pneumonie chez les enfants issus de milieux ou
les ressources sont limitées étaient pertinents mais manquaient de
précision. Des radiographies thoraciques devraient systématiquement
étre réalisées sur tous les enfants présentant des signes cliniques de
pneumonie sévere car elles fournissent des informations utiles sur les
systémes cardiovasculaire et respiratoire.

Pesilome

cepﬂeqHO-CocyﬂMCTble AHOMAJINN Ha peHTreHorpamMmmax opraHoB rpynH0|7| KneTkny JeTen C NTHeBMOHMEN,

Yranpa

Llenb Onvicatb pesynsTaTsl peHTreHorpaduin OpraHoB rpyaHON KNeTKM
y ieTel, FOCMUTaNM3NPOBAHHBIX C KIMHUYECKM ANArHOCTUPOBAHHOM
TAXKENOM MHEBMOHWEN 1 TMNOKCEMMEN B TPY CNeLMani3vpOBaHHbIX
yupexneHna B YraHge.

MeTopgbl B nccnefoBaHum MCNONb30BaNUCh KNUHUYECKNE
[laHHbIE 1 JaHHble PEHTTEHOBCKOrO aHanm3a Cry4yaliHo BbI6OpKM

13 375 peten B BO3pacTe OT 28 AHen A0 12 neT, BKOYEHHbIX
B uccnenosanvie Children's Oxygen Administration Strategies Trial
8 2017 roay. [letn 6binv rocnnTan3npoBaHbl C PeCnMPaTOPHbIM
3ab0neBaHVeM 1 YrHETEHMEM AbIXaHWSA B aHaMHe3e, OCNIOKHEHHbIM
rUNOKCEMIEN, ONPeAensemMolt Kak nepudepmrveckan KACIOpOaHas
catypauma (SpO2) < 92%. PeHTreHONOrM, He OCBEAOMAEHHbIE
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0 KIMHMYeCKNX pe3ynbTaTax, MHTepnpeTMpOBav peHTreHor paMmMbl
OPraHoB rPyAHON KNETKW, CMOAb3yA CTaHAAPTU3NPOBAHHbIN METOA
BcemMnpHOM opraHu3aumy 3apaBooxpaHeHa Ans nposefeHus
peHTreHorpaduy OpraHoB rpyAaHON KneTkin y aeteit. O pesynbraTax
KNMHNYECKINX UCCNEeA0BaHMN 1 peHTreHorpadum OpraHoB rpyaHom
KNETKM COOOLLANOCh C UCMOMb30BaHMEeM OMMUCATENBHOM CTATUCTUKN.
Pe3ynbrathl B obuiert cnoxHoctu y 45,9% netein (172/375)
Obl BbIABNEHbBI PEHTTEHONOMMUYECKME MPV3HAKK MHEBMOHNH,
y 36,3% (136/375) peHTreHorpaMma OpraHoB rpyAaHON KNeTku Obina
HOpManbHOW, Yy 32,8% (123/375) Ha peHTreHorpammax Obinv BbiABMEHb
Apyrvie OTKNOHeHWA C MHEBMOHMeN 1unu 6e3 Hee. Kpome Toro,
y 28,3% naumeHnTos (106/375) Habntoaannce cepaeyHo-CoCyanCTble
aHomanuu, BkmtoYan 14,9% naymeHTos (56/375) ¢ NHEBMOHMEN 1
APYrmMM aHOManMAMK. He GbIno BbIABNEHO CyLLECTBEHHOM Pa3HMLb B
PaCMPOCTPAHEHHOCTU PEHTTEHONOMMYECKIX MPU3HAKOB MHEBMOHMM
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NN CEPAEYHO-COCYAMCTHIX aHOMANMI, a TakKe B MoKasaTenax
CMepPTHOCTW B TeUeHMe 28 AHeN Mexay AeTbMU C FTMIoKCuei
Taxenon crenern (SpO,: < 80%) 1 JETbMU C TUMOKCHEN Nerkow
crenenm (SpO,: o1 80 0o < 92%).

BbiBog CepieuHo-COCYanCTbIE aHOManun Obiv OTHOCKUTENBHO
PACNPOCTPaHeHbl cpeaun AeTel, FoCnUTaNM3NPOBAHHbIX C TAXENOW
NMHEBMOHVEN B YraHae. VIcnonb3yemble CTaHAAPTHbIE KNMHUYECKMe
KpUTEPUN ONA BbIABNEHUA MHEBMOHUN Y feTel B yCNOBUAX
HefoCTaTKa PecypcoB Obinv YyBCTBUTENbHBIMYK, HO He 0bnafanu
JNOCTATOYHOM CnelndUYHOCTbI0. Bcem AeTam C KNMHUYEeCKMMM
npu3HaKamu TAXKeNon NHEBMOHUU HEOOXOAMMO pPerynapHo
NPOBOANTL PEHTFEHOTPAdUIO OPraHOB MPYAHOM KNETKM, NOCKOMbKY
OHa NpepfocTaBAAeT nonesHylo nHdopmaunio o cepaeyHo-
COCYANCTOW 1 [ibIXaTeNbHOW CrUCTEMAX.

Resumen

Anomalias cardiovasculares mediante radiografias de térax en niiios con neumonia en Uganda

Objetivo Describir los diagndsticos mediante radiografia de térax en
nifos hospitalizados con hipoxemia y neumonia grave diagnosticada
clinicamente en tres centros de atencion especializada de Uganda.
Métodos El estudio incluyd datos clinicos y radiograficos de una muestra
aleatoria de 375 nifios de entre 28 diasy 12 afios incluidos en el ensayo
Children's Oxygen Administration Strategies Trial (Ensayo de estrategias
de administracién de oxigeno en nifios) en 2017. Los nifos fueron
hospitalizados con antecedentes de enfermedad respiratoria y dificultad
respiratoria complicada por hipoxemia, definida como una saturacion
periférica de oxigeno (SpO,) <92 %. Los radidlogos no conocian los
diagnaésticos clinicos e interpretaron las radiografias de térax utilizando
el método estandarizado de la Organizacién Mundial de la Salud para
el informe de radiograffas de térax pedidtricas. El presente articulo
describe los diagnésticos clinicos y las radiografias de térax mediante
estadisticas descriptivas.

Resultados En total, el 45,9 % (172/375) de los nifios tenfan neumonia
por radiografia, el 36,3 % (136/375) tenian un térax normal por

radiograffa y el 32,8 % (123/375) tenian otras anomalias por radiograffa,
con o sin neumonia. Ademas, el 28,3 % (106/375) tenfa una anomalia
cardiovascular, incluidoel 14,9 % (56/375) con neumoniay otraanomalfa.
No hubo diferencias significativas en la prevalencia de neumonia por
radiografia o de anomalfas cardiovasculares ni en la mortalidad a los
28 dias entre los nifos con hipoxemia grave (SpO,: <80 %) y los que
presentaban hipoxemia leve (Sp0,: 80 a <92 %).

Conclusién Las anomalias cardiovasculares fueron relativamente
frecuentes entre los niflos hospitalizados por neumonia grave en
Uganda. Los criterios clinicos estandar utilizados para identificar la
neumonia entre los nifos que viven en lugares con pocos recursos eran
fiables, pero carecfan de especificidad. La radiograffa de térax se deberfa
realizar de forma rutinaria en todos los nifios con signos clinicos de
neumonia grave, ya que proporciona informacion Util sobre los aparatos
cardiovascular y respiratorio.
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